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Comparison of Fresh and Room-Aged Cigarette Sidestream 
Smoke in a Snbclironic Inhalation Study on Rats. Haussmann, 
ll.-J.. Anskeit, I;., Itcckcr, 1)., Kuhl, P„ Slinn, W„ Teredesai, A., 
Voncken, and Walk, R.-A. (1998). loxicol. Sci. 41, 100-116. 

T wo experimental types of cigarette sidestream smoke (SS) were 
compared in a subchronic inhalation study on rats. Fresh SS (FSS) 
was generated continuously from the reference cigarette 2R1. Room- 
aged SS (HASS) was generated by aging FSS for I S h in a room with 
iioniucrt surfaces with materials typically found in residences or 
offices. Malt Sprague-Danley rats were head-only exposed to three 
dose levels of eacli SS type and in filtered, conditioned fresh air 
(sham-exposure) for 6 h/day, 7 days/ueck. for 90 days. Room-aging 
resulted In decreased concentrations of various SS components, e.g., 
total particulate matter (TPM) and nicotine, while other components, 
such as carbon monoxide (CO), were not affected. The CO concen¬ 
trations were 6, 1.1. and 28 ppm for both SS types. TPM concentra¬ 
tions were between 0.6 and 8.7 ng/liter and thus up to 100-fold above 
the maximum of average concentrations of respiratory suspended 
particles reported for environmenlal tobacco smoke. Slight reserve 
cell hyperplasia in Die anterior part of the nose as well as hyperplastic 
and metaplastic epithelial changes in the larynx were the only ob¬ 
served dose dependent findings. The metabolism of benro(o)- 
pyrene—as a proxy for polycyclic aromatic hydrocarbon metabo¬ 
lism—was induced in the nasal respiratory epithelium and in the 
lungs while no effect was seen in the nasal olfactory epithelium. The 
lowest-observed effect level was 6 ppm CO or 0.6 pg TPM/liter. Most 
of the effects seen were less expressed in RASS- Ilian in FSS-exposed 
rats when compared on the basis of the CO concentrations. When 
compared on the basis of TI’M, these effects were equally pronounced 
for both SS types, suggesting a major role of particulate matter- 
associated compounds. All findings reverted to sham control levels 
following a 42-day poslinhnlation period, o i»8 Sntkrj or 1 oxkrcdogj. 


Exposure to environmental tobacco smoke (ETS) has been 
reported to be associated with adverse health effects (c.g., US 
Environmental Protection Agency. 1992). Experimental toxi¬ 
cology can provide data on this association as discussed in a 
recent symposium overview by Witschi et at. (1995a), e.g., on 
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possible effect thresholds via the determination of dosc- 
response relationships. However, one of the most critical issues 
in investigating potentially toxic effects of environmenlal ma¬ 
terials is the selection of an appropriate experimental surrogate 
for the test materia! 

ETS is a combustion product composed of sidestream smoke 
(SS) as well as exhaled mainstream smoke (MS) (First, 1985; 
Lofroth et a!., 1989; Benner et al., 1989; Eatough et at., 1989, 
1990; Baker and Proctor, 1990; Guerin et al., 1992). ETS is 
highly diluted with room air and undergoes chemical and 
physical changes in composition as a function of aging, e g., by 
contact with various surfaces over time (Eatough et al., 1990). 
Exhaled MS can contribute from 15 to 43% of the particulate 
matter in ETS, but only small amounts of the gas-phase con¬ 
stituents (Baker and Proctor, 1990). 

Real environmental atmospheres are not reproducibly available 
as .required for a laboratory experiment, most notably for a pro¬ 
longed inhalation study. In previous rodent inhalation siudies to 
assess the biological activity of ETS, diluted SS was used as a 
surrogate (e.g., von Meyerinck et at., 1989; Coggins dal., 1993a; 
Joad et at., 1993; Tercdesai and Priihs, 1994; Witschi et at., 
1995b). It was used fresh or moderately aged by contact with 
relatively inert surfaces in whole-body exposure chambers made 
of stainless steel and glass and for short duration (<5 min; Ayres 
et al.. 1994; Teague et at,, 1994), due to the high number of 
air changes per hour in these exposure systenis. These aging 
conditions are less representative of human residences or office 
environments, where there are materials with large surface areas 
and adsorption potential, such as curtains or carpets. In addition, 
mean air changes of approximately 0.5 per hour are characteristic 
(Seppanen, 1995) for residences, which would correspond to a 
mean ETS age of 2 h. 

In order to address the relevance of SS aging in experimental 
studies, die objective of the present study was to compare 
respiratory tract responses in the rat to fresh SS (FSS) and 
room-aged SS (RASS). RASS was generated by aging FSS for 
!,5 h (mean age) under experimental conditions which are 
more realistic for the human environment than those previously 
used, or which even exaggerate realistic conditions for the 
purpose of the experiment. To enable a direct comparison, 
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ilosinj: of l-'SS mid RA.SS was Eased on carbon monoxide (CO), 
no SS component which has not been found to change during 
aging (liitioujrli n til., I WO; Voncken el til., 1994). In addition, 
in experimental studies, the CO concentration is proportional 
to and thus representative of the number of cigarettes smoked, 
a measure frequently applied to determine human ETS expo¬ 
sure in experimental studies (Muranratsu el a}., 1983; Scherer 
ei til.. 1990) and epidemiological studies (pack-years: e g., 
I'Onlham ei <d.. 1994). Rats were head-only exposed 6 h/day, 7 
days/week for 90 days. The concentration levels used in the 
present study itre comparable to those used in previous SS 
inhalation studies (■■extreme'' to ■'exaggerated"; Coggins el 
til.. 199.3a) to determine lowest- or no-observed effect levels. 
The major end points in this study were respiratory tract 
histopathology and the ben/i>(n)pyivnc metabolism in 

nasal cpithelia anil the lungs. 

MAII RIAI5 AND METHODS 

L\pc tint ratal dcsix* j . Katv were head-only exposed to l ; SS and 10 RASS 
;iv well ;is Lit filtered, conditioned fresh air (sham-exposed group) 6 h per day. 
7 d.ivs per week, for 9n ti.iys. I SS and RASS were administered at three dose 
leu'K. Ifie CO e*>rKcnlrjfii*ns lor the respective levels were equal for both SS 
lypfN ami were up id ppm Ihe "I I’M uuicentrjtioitN were up to 9 jig/liter, 
There u;is ;« 42-d.i) postmlulaiicm pen(n) for r;its of the control and high 
ciukcniraiuni enuijis to investigate die delayed occurrence, persistence, and/or 
reseisihihty of finding'. ’Itie histopalhology of the respiratory tract and the 
]l<(»il' jneljbx’liMii js ;» pro\\ for polycyclic «irom;ttic hydrocarbon metabo¬ 
lism in nme and lung' were flic major end points studied. The main dose 
IMiameiet in compare the biulngicul activity of I SS and RASS was the CO 
concc him lion 'I lie results are also discussed on Ihe basis of (he respective 
T l‘M eitticeniraiiuiis 

Ihe studs ujs ivrloriued m conlnrmiiy wiih Good Laboratory Practice 
lOi.e I). lUXla. tier man Law on ChrnmuL. 1990)and the American Associ- 
aimn lor 1 .aKit.iim) Animal Science (A ALAS) Policy on the Humane Care 
and L’se id’ ) ahor.ilmy Animals <1 VVl ), 

l.xpcritncatol aaitnah. Male out bred Sprague-Da wfey rats (CrlCDBR). 
hied under sjKvilieil pathogen-free enrulicions. were nhlurned from Charles 
Rut'i (Raleigh. NO Tins strain uas chosen hoc.tuse nf die large amount of 
published data available. in particular because of ils frequent use in cigarette 
smoke inhalation studies toy.. Joad <7 a).. 1993: Coggins ct eit.. lV93a,b: 
'Icicdcsm and I'Mjfis. IVV4|. A previous study did no| show differences 
between male and 1cm vie rais in Miseeplihihu io SS-induced effects (Coggins 
tt nf.. IWi, 1 tins, only one sc.v was used to allow suflk'ienlly large grt>up 
m/cn and giuup ihiiiiIk.'|s. Male rais were preferred based on nur greuier 
cxik'iichcc with them. 

hie re>ptrun*ri tracts ol randomly selected rats were examined h i stupa tho- 
logical!) nn ariival. no umistial findings were observed. Serological screening 
perloimevl on uriiwil. alter VO days of inhalation, and ai the end of the 
posiitiliulatinn penod dul not detect antitmdic. to rat-relaicd viruses, such as 
l\mpluiL)lie choriomeningitis virus, mouse adenovirus, murine poliovirus, 
para mil u ei tea 'ini’, type I. parvovirus >1-1. rat parvovirus, pneumonia virus of 
mice, fat coroiiavirusKiidcxlacrvoademtis virus, and reuvirus type 3. as well as 
ii> the bacterium A/vcryt/ovr/m putnunus. 

'Ihe rais were identiheJ individually using subcutaneous transponders UMI- 
HXtn. Hew. Fist. Kclherkmdv. data acquisition by PAS-4001, Un<>. Zeeenuar. 
Netherlands), following a Ih-dav prcexpnsurc acclimatization period they 
were randomly alhKilled to the six SS exposure groups and the sham exposure 
gioup l4K r.tts pci group). At ihe cod of the inhalation period, 20 iihd 10 rats 
pei group were used foi die liisiopaihologicut examination and Che analysis of 


the metabolism, respectively. At the end of the poM inhalation period. ’2 
and 6 rats per sham and high-dose groups were used for the aforementioned 
iwn end points. The age of the rats at the start of the inhalation period was 47 
days. The body weight at that time was 196 g (5D: 13 g}. 

The rats were kept in an animal laboratory unit with controlled hygienic 
conditions. The laboratory air {filtered, fresh air) was conditioned. Positive 
pressure was maintained inside ihe laboratory unit. Room temperature and 
relative humidity were maintained at 22°C <SD: [ e C) and 69ft (SD: 10ft). 
respectively. The Ught/dark cycle was 12 h / 12 h. The rats were housed in 
transparent polycarbonate cages, two rats per cage. The bedding material was 
autoclaved soflw'ood granulate (SK-20/50. Braun & Co., Batienberg, Germa¬ 
ny). A sterilized, fortified pellet diet (MRH FF, Eggersmann. Rinteln, Ger¬ 
many) from cage lid racks and heat-trealed tap water from water bottles with 
auioclavcd sipper tubes were supplied ad fiidlum in each cage. Food and 
drinking water were not available to the rats during the daily exposure periods. 
Good hygienic conditions within Ihe animal housing and exposure room were 
maintained as evidenced, among other criteria, by negative results for the 
bacteriological examinations of the rat diet, drinking water, and the laboratory 
air and selected surfaces. 

Generation of FSS and RASS. The University of Kentucky reference 
cigarette 2R1 w-as used to generate the test atmospheres (MS yields per 
cigarette. 44.6 mg TPM. 2.45 mg nicotine, and 25.1 mg CO; Tobacco and 
Health Research Institute. 1990). They were conditioned and smoked in basic 
accordance with the International Organization for Standardization (ISO) 
standards 3402 (1978) and 3308 (1986), respectively, as generally applied to 
MS generation. The cigarettes were conditioned at 22 D C, 60% relative humid¬ 
ity, for at least 8 days.Two automatic 30-port smoking machines were used for 
smoke generation (Reininghaus and Hackenbcrg, 1977). Mean puff volumes of 
35 ml were generated taking 1 puff/min with a 2-s puff duration using b 
four-piston pump (Baltellc, Geneva. Switzerland) resulting in approximately 
12 puffs/cigarctic at a mean bun length of 23 mm. The MS was exhausted. SS 
was collected using a circular hood made of glass and stainless steel on top of 
the smoking machines. The three FSS concentrations were obtained by dilution 
with filiered. conditioned fresh air. The maximum age of the FSS was approx¬ 
imately 10 s. Using a second smoking machine. RASS was generated by 
continuously passing diluted FSS at a rate of 20 mVh through a 30-m' 
experimental aging room with non-inert surfaces, resulting in RASS of a mean 
age of 1.5 h. In the aging room were materials usually found in residences 
and/or offices, such as wallpaper painted with a latex-based white paint (29 
nr), window glass (2 nr’), and a wool carpet (II fir). For experimental 
purposes, the surface areas of some of the materials were exaggerated relative 
lo the si/.e of the room, t.c., a 26-m ? wool curtain and a bookshelf with a 
surface area of 7 nr untreated pine w'ood with approximately 50 books or 
ntapazincs with a surface area or 3 nr. The materials in the aging room were 
unexposed at the start of the inhalation and not replaced throughout the 90 
days. A ceiling fun was operated to facilitate uniform distribution of the RASS. 
The room uas illuminated by fluorescent ''daylight*' lamps (Lumilux l^8W/ 

I I. Osram, Munich, Germany). Two painted heat exchangers (approximately 
M> nr surface area) were used to keep the room temperature constant (mean: 
22.6°C. SD; 1.9°Ct. FSS and RASS were conveyed via glasx tubing to the 
exposure chambers. RaSS generation was started approximately 3 h before the 
start of the daily exposure lo achieve a steady-slate test atmosphere for 
inhalation thrring overnight, nonsmoking periods, the room was flushed with 
filtered, conditioned fresh uir at 20 nvVh. 

Analytical characterization of FSS and RASS. At designated time inter¬ 
vals. specified analytes were determined to choracieri?.e the test atmospheres, 
to evaluate the reproducibility of the test atmosphere generation, and to 
exclude cross-contamination in the sham-exposed group. Samples were col¬ 
lected directly at the exposure chambers. CO was continuously monitored 
Using nondispersive infrared photometry (Ullramat 5E. Siemens. Brussels, 
Belgium) of the gas phase of the test atmospheres. TPM was gravimetrically 
(A200S, Sartorius, Gottingen, Germany) determined at least once per day after 
trapping particulate matter on a Cambridge type glass fiber filter (Oetman. Ann 
Arbor. Ml). The other analytes were determined at least at weekly intervals. 
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Chemical ChHTHclcri'/ation ofTcsi Atmospheres: Sham-Exposed Control and High-Concentration ESS and RASS Groups 

f’.irsmicter 

A- 

Sham 

FSS 

RASS 

1PM ip p/liier) 

91 

0 

8.7 ^ 0.7 

2.6 - <1.5 

Cailxm monoxide I ppm) 

89 

<1.5 

27.8 ± 1.2 

28.7 1 1.7 

Ciirlwm dioxide [ppnu 

7- 13 

502 ± 75 

452 + 65 

502 ± 48 

Nicotine (jjgfliicri 

51 

<005 

2.21 ± 0.45 

0.52 1 0.10 

Nitric oxide (ppm) 

12 

tun 

0.68 r 0.(W 

0 69 1 0.14 

Nitrogen o\ide> lppm) 

12 

0.02 i 0.02 

0.68 i 0.08 

0.69 1 0.15 

1 omuklohyde tppmi 

12 13 

<0.02 

0.54 i n 05 

0.16 1 0.01 

AtemUlehyile tppno 

12-13 

<0.04 

0.68 - 0.06 

0.74 1 0.05 

Acrolein I ppm) 

11- 13 

<0.02 

0.10 ± 0.01 

0.10 1 0.01 

Ammonia tpy f\ iter > 

1? 

- 

5.7110.65 

1.59 2 0.57 


Knit- In the ■.li.i: n-L'XfH'sCil l'i.Ii! - "! j!Mup. lln; raw data showed a median TPM concentration of 0.29 ^g/liler (25 and 755f cj uj n i Ic s : 0.19 and 0.45 ,/g/liier) 
nhieh was subtracted liom die r-.iss T PM means fur all groups. The niiric oxide concentration in the sham-exposed group is given as the median (25 and 75<J 
t|U:iT'liliS' (J fM) and f).H2 ppm). 



C';irlx>n dH'.\ide u;is unalwed living nuwlKpervive infrared photometry (U)tr;i- 
Mint .M.H'I the pliiivcs. Ru nicotine tklcri innatrons. samples were drawn on 
sulfuric acid impregnated diaioniik’ lubes (f.vircluL Merck. Darmstadt. Ger¬ 
many). f vimiiion was performed with « hilly face tale t'Cirilaining 5X (v/v) 
incthylantme. Nicotine vs as analyzed by capillary pas chromatography 
{lli'.SX'Hh Hewlett Ravkiiul. Wald him in. Germany) wuh a DB-5 column 
< J5m >' 0.25 mm. J and \V. Carlo 1 flu. Hoflicirn. Germany) using o nitrogen 
phosphorus ilciccior. Nitrogen oxides were determined by chemoluminescence 
in the g.is phase of lIn* lest atmospheres nficr catalytic redaction and reaction 
wtili ozone rNO/NO.-analwcr Old) 700AI.. Tccan. Hoinbreehtifcon. Switzer¬ 
land). I he aide Its dev were deicrn i med by reverse-phase MPI.C (Hyporsil ODS. 
5 m'». r50 >: 4 mm. lleulell Packard) and UV dcicciion fHI* 1050 Multiple 
Wavelength DcieeUn. i leu lei t Packard) of ihe 2.4-dinilrophenylhydrazine 
1 1>NPI 1 1 denial i\es atiei trapping in acid 1 JNPH/acetomtrilc soluf ion. Ammo¬ 
nia wan tie ter mined h\ iKpud ehri'maiograph) <l,ichrosorb RP-18, 10 ^ni. 
250 \ 4.5 mm. Merck) and lliin/esccnce detection (050] OS. Perkin Rimer. 
Uherlmycn. Cicmiam J tif lluofoscainine denvaiives after trapping on sullunc 
aeid-jmpreynaied diatnmite. I or the dciennination of the particle sire distri¬ 
bution. the f).ulick’s were precipitated on a Jilter strip in a spinning spiral duct 
t Sibber and l laehsbari. IWh billowed b> a llunfomctrie determination of the 
partial late manor eluicd from secpienii.'illy eul filter pieces. The particle size 
ilisiribution was calculated using linear regression analysis after prnbit trans- 
formaiioii (J tnnc\. 1 *J71 1 

The tem|vrauire in die exposure ehanrhcfs was monitored continuously 
using a digital thermometer (Tascoiherut D7(X). IMI»AC Hleki runic. I'rankfun. 
Gormans). 'Hie relume humidnx was deicrmined psychmmcfrically [Therm 
224b. Ablborn. Number*:. German)) in the atmosphere of the sham-evposed 

group. which also served as a prosy for the littered, eondihoned fresh air used 
in perieiate and dilute ihe SS. 

Animal exposure system. The rats were head-only enposed to the icst 
atmospheres lor f* h/ilay, 7 days/week for 90 days. The head-only exposure 
mode was used to ensure reproducible inhalation of the test ainuisphcres and 
to minimise upiake hv mmioha kilim) routes, e.g.. by dermal absorpfiiwi or 
i nee si ion following preening of the fur fMauderly et «/., | V89). The exposure 
chambers consisting of glass, stainless steel, and brass ({NBIPO, iKtagonic 
eross-seelion. 303 cm*, height. 72 cm) weie equipped withcustom-made glass 
tithes lor animal exposure that wets* conical at the’ front end to fii the rat skull 
and scaled w jih iiihber stoppers at die tear end The rats were restrained in the 
iront part ol the lube with their heads protruding into the stream of the test 
atmosphere, which passed through the exposure chamber al a rale of approx¬ 
imately Ititi hterv/min corresponding to approximately 2 liters/tmin X rat). The 
tubes tilted slightly candidly in order to minimize eonlael of ihe rut with its 
urine 1 he glass lube size was varied according 1 «« the biidy weight of the rats. 


The position of the rats in the exposure chambers was systematically changed 
on a daily basis. 

Sham-exposal rats were exposed to filtered, conditioned fresh air under the 
same conditions as the lest atmosphere-exposed rats, 

during the post inhalation period. 18 rats of the high dose and the sham- 
exposed groups were kept in polycarbonate cages. 2 per cage. Diet and 
drinking water were available to the rats ad libitum. 

In-life observations . The rats were observed for mortality, signs of overt 
toxicity, i»r injuries when they w'ere transferred from their cages to the 
exposure chambers and when being transferred back to their cages. More 
detailed cheeks op general condition and behavior of the rats were performed 
on three rats per group and day shortly after the end of the daily exposure. 

Body weight determinations. The body weight of individual rats was 
determined one day after arrival of the rats, at the start of the inhalation period, 
and once per week during the inhalation and post inhalation periods 

tiiomonitoring. Jn order to provide an estimate of ihe amount of lest 
atmosphere taken up by the rats, rexpiraiory frequencies and volumes were 
determined on at least six rats per group during exposure by whole-body 
plethysmography in the exposure tubes [Coggins et al.. 1981). The differeminl 
pressure signals iValrdyne MP45, HSfc. March-Hugsletten, Germany) were 
digitized und analyzed using the Rat vent program developed by S. A. Ruch. 
Smwmarkci. Suffolk. United Kingdom. 

To monitor exposure to the lest atmospheres. steady-state proportions of 
blood carboxy-hemoglobin IllhCO) were determined once in three rats per 
group according to Kliniiseh or nl. <1974). Blood samples were taken after at 
least 5 h of exposure from rats withdrawn for a short period of lime from the 
exposure tubes by puncturing the retro-orbital sinus with glass micropipettes. 

To provide a rotlgh estimate of the amount of nicotine taken up by the rats, 
urine was collected from fnc rats per group during ihe 6-h exposure period 
using specially modified exposure tubes anti during the following 18 h using 
custom-made metabolism cages. The two samples per rui were combined to 
determine nicotine, cotinine. and trans-V-hydroxycolinine by gas chrornalog* 
raphy (Voncken et al. 1989). 

Necropsy and gross pathology . The rats were not fasted before necropsy. 
On the day following the Iasi exposure, 20 rats per group were anesthetized by 
iniruperuoitea! injection of sodium pentobarbital (30 mg/kg body w) and 
subsequently sacrificed by exsanguination by iranssccting the abdominal aorta. 
The carcasses wtre weighed and subjected n> a complete gross examination 
under supervision of a veterinary pathologist with special attention paid to the 
respiratory iraa. The same procedure was followed for 12 rats per group of the 
high-dose and sham-exposed groups al the end of the pnstinhaialion penod. 
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I JCi. 1. JWv weight development during the inhalation (all groups*. 48 rat K/p roup) and post in ha fat ion periods (sham-exposed and high-dose groups. 18 
r;itUt‘ii>uf>i (At Shutii- ia coni nil und ISS groups; (8) sham-exposed control iind RASS groups. Relative standard deviations for the individual groups were 
* )4 f v for cadi tin to point 


Or^nti weig/fA. Absolute weights of lungs with larynx and trachea, liver, 
renal lands, testes. and kidneys were determined. The organ weights 
(eLttixc Ui bi*J\ uciytil wcic calculated using the weights of itw; exsanguinated 
c;trca>st v s. 1 lit* time between exsnngumutinit and organ weight determination 
was kept n* a minimum and did not exceed 15 min. 

ftiMopaihalngy. I .tings were excised with larynx and trachea and fixed by 
intratracheal instillation willi LAI S <405J ethanol, ¥A acetic acid. lGffr form- 
itltleli>tlc.45 f i istHtmii saline. >/v. Miiriist*ii. 1VH4)U1 20 cm water pressure to 
achieve physiological diMenlion of the lung- The skin, eyes, lower jaw, and 


brain were removed from the head and the nose was gently flushed with JOfX 
neutral buffered formaldehyde solution via the nasopharyngeal duct- The head 
wav fixed in lOCt neutral buffered formaldehyde solution for 1 day and, 
subsequently, in solution for 3 to A days. 

Prior to trimming, the head was decalcified with 5*£ nitric acid in an 
ultrasonic bath. The nose was trimmed and trunsver>e sections were cut 
according to Young (IV8 l) to obtain (wo tissue slices at the following levels; 
{1) immediately posterior to the upper incisor teeth, (2) at the incisive papilla. 
The laryngeal transverse sections were cut at the base of the epiglottis and at 
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ITfJ. 2. AukhhiK ul jacolino and i(s main mekiboliics recovered from 
iniifc simple* colkvimg during tin.* 6 h exposure period and ihe 18 h between 
exposure* as :t hmcliiHi id the SS nicuiinc concenirulions (mean 1 ' i SF,). 


llic* afMcruud piojccluiii* auoulmy in l.e*k (l9Xf). The tracin':* wav trimmed 
ami l(inL‘ittuliri.>d> cui ai ilur jiadic.il bifurciilion. A frontal section of the left 
limy me Imlurg flic Icli main tumulm* arid ns major branches Wii*> cur according 
i»» Lamb and Reid i |969i. 1 ho tissues were processed, embedded in Faruplusl. 
mi ai 5 to f» pm thickness. and Mamed with hematoxylin and rosin 1HF). In 
addition, die mviuhi* ot the 1 r.iehea and ltin«? were stained with Aldan 
bhu'/pi'iiodiv. .nid Sc hi It’s le.ieenl lo demur straie goblet cells. 

All slides vtfic rend by a veterinary pathologist w ith experience in cigarette 
smoke-re la led fh.u^e> m the respirators traci of rodents without knowledge of 
the (riMliucni croups All hisinp.tlhnln»ical findings wore scored according to 
a defined se\enl\ scale from (I lo 5 (marked effect*). Mean severity scores 
Weil- calculated fused on till r.iis m a group 

Murphimririmt euaty\ii of larynx. 'I he Ihnkncss of Hr' laryngeal epi¬ 
thelium v\iis determined wilhoul knowledge **f ihe licatmcnt groups on u 
Miind.irili/cd Hl.-Mamal stvtidn ai die ymcnoiil projections. which included 
the tcntral depression, floor of the lanm. and \<v*d v«rds. At each of these 
'•lies, iJieefnilieli.il thickness was measured ui 10 sjveiliet] locations directly on 
iW micioseojiie image using « l .viva Mieiovid system tBensheini, German) ). 

Analysis i*f 0 ir tneiaboliutt. ’Ihe miaosoiual B(«)P metabolism 

w.is assessed b> fUji'fcvi'cnec detection of 5 ItU/lP meliiholitcs alter reverse- 
phase HI’l.t' separation. The acliviu u;is normalised using the microsomal 
pioicm content Kcfcmicc maicrials for the Blot}* iiieiuholitcx (3-hydroxy*. 
'Mivdmxx, J.S-dioh. 7.8-dioh. and 9J|]-diol-H{aM’) were obtained from the 
I'.S National Cancer Institute (Chemical C«firino*?cir Repr»itory Midwest 
Research Institute. Kansas Cu>. MO). 

Rais were cut hah i/C<i as described above. Ihe right lung and ihe nasal 
respiratory and olfactory cpithelia iNRli. NOF) were removed and stored at 
- 70 C. I Amy and naval microtomes were isolated by differential uhraccntri- 
lugaiion according in Grover ri ul 1 19741 with minor miKliticaiions. 

Mierosiimal suspensions (Iimps. UK) to 60(1 jig protein: NRH. 100 to 200 


protein: NOB. approx. 150 protein 1 were incubated for 60 nun it 
3VC inTris/HCI buffer (50 mM. pH 7.6) in the presence ofB(rt)P(X0 /iM), 
NADP’ f370 jiM). glucose-6-phosphaie (2.5 mM), glucosc-6-phosphaie 
dehydrogenase (1 unii/ml). MgCL (5 mM). and KPTA (240 jiM) (three 
replicates per rat and tissue). The incubation was stopped by adding 
meibanol containing bcnz(r/)anthracene as an internal standard. After cen¬ 
trifugation, the supernatant was directly injected into the HPLC. Mono and 
dihydroxy B(a)P metabolites were separated using a Hewlett Packard 
HPI-C 1090 with a Nucleosil 100-5 C-1R precolumn (5 Jim, 4 cm x 4 mm. 
Knauer KG, Oberursel. Germany) linked to a Novapak RP-18 column (5 
pirn. 15 cm x 3.9 mm. MjIliporeAVatcrs. Eschhorn. Germany). The sol¬ 
vents for step gradient elution were solvent A (J0 i»M KH 2 POj. pH 4.8) 
and solvent B (acctonitril). Peak detection and quantitation were performed 
using a Hewlett Packard 1046 A fluorescence detector equipped w ith a 5-jil 
flow cell, Fxcitaiion/emission wavelengths were as follows (in the order of 
elution from the column): 287/42 1 nni for 9- and 3-OH-B(«)P: 248/400 nm 
for 4.5- and 7.8-diol-B(a)P; 287/404 nni for 9J0-dio!-B(rr)P; arid 287/421 
nirt fur btm*(f? Anthracene and BMP. 

The protein concentrations of the microsomal Suspension* W ere determined 
according to Lowry ct al (1951). as modified by Peterson (1983). using an 
automated micrornethod wilh bovine serum albumin us a standard. Duplicate 
determinations were performed. 

Statistical analyses, f or Ihe comparisons of the FSS- and RASS-cxposed 
groups with the sham-exposed group, respectively, the following statistical 
tests were performed: for the overall comparison, the one-way analysis of 
variance for continuous data and the generalised Cochran-ManteJ-Hacns/el 
test (Koch and Edwards, 1988) for ordinal data uere used with the CO 
concentration as ihe stratifying variable If ihe overall comparison showed a 
significant difference, then for a pairwise comparison the Duncan lest (Duncan. 
1955) was applied for continuous data and the generalized Cochrau-Mantd- 
Hacnszol test for ordinal data. For the comparison of FSS- with R ASS-exposed 
groups, the two-way analysis of variance for continuous data and ihe Cochran- 
Mamel-Haenszel test for ordinal data were used. 

All tests were conducicd at the nominal level of significance of a =- 0.05 
(two-tailed). Due to iho large number of parameters analysed, no correction fur 
multiple testing was applied, which would have made the tests very insensitive. 
Statistical significances, therefore, have to be considered as explorative indi¬ 
cators rather than confirmatory evidence. No correction for multiple testing 
was applied. 


RESULTS 


Test Atmospheres 

The test atmospheres were generated reproducibly through¬ 
out the 90-day inhalation period. As targeted, the CO concen¬ 
trations. of FSS and RASS were equal for each of the three dose 
levels. The CO concentrations (mean ± SD) for the tow-, 
medium-, and high-dose levels of FSS were 5.5 - 0,4, 12.6 £ 
0.6. and 27.8 ± 1.2 ppm, respectively. The respective values 
for RASS were 5.5 £ 0.4, 12.2 ± 0.6, and 28.2 £ 1.2 ppm. 
The TPM concentrations for the low-, medium-, and high-dose 
levels of FSS were 1.5 £ 0 6,2.6 £ 1.2, and 8 .2 £ 0.7 gigfliter, 
respectively. The respective values for RASS were 0.6 1 0.3, 
1.2 £ 0.7. and 2.6 £ 0.3 gig/liter The time course of the daily 
mean TPM concentrations in the high-dose groups was re¬ 
ported separately (Voncken et ai, 1994). The analytical char¬ 
acterization of the high-dose test atmospheres as well as that of 
the sham-exposed group is presented in Table 1. The individual 
smoke components in the medium- and iow-dosc FSS and 
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TABU: 2 

Ilistopathological Findings after 90 Days of Inhalation 





KSS 



RASS 


f’jriintiier 

Sham 

Ix>« 

Medium 

High 

Low 

Medium 

High 

Nusil c;tviL\. level 1 

Kcmtvv evil li>[k.’ipLisi;i of 

0 

0 

0 

0.6 ± 0 2* 

0 

0 

0.1 ± 0.1 

tCN-pirulivy cpitliolinin'' 

0/20 

0/20 

0/20 

8/20 

0/20 

0/20 

]/19 

l.:ir>nx 

H:isf of epiglottis 

Sc|IUillKHl> ma.IplitNM of 

0 

0.2 £ 0.1 

0.6 i 0.1* 

1.0 i 0.2* 

0 

0.2 ±0.1* 

0.7 ± 0.1* 

pscuxIoMr;i(ihod epithelium*? 

0/17 

3/19 

ICVI8 

15/19 

0/19 

4/19 

J2/20 

ol Mju.mnnis 

0 

0.2 i 0 1 

0.8 ± 0.2* 

1.4 ± 0.3* 

0.1 ± 0.1 

0.2 ± 0.1 

0.7 + 0.2* 

epithelium^ 

0/17 

3/19 

11/18 

14/19 

2/19 

3/19 

12/20 

Af\toiu>kl projection-* 

Ventral dcptevsuvjt 

11> peipkiMa nf 

0 

0.3 * O.t 

0.2 ± 0.1 

0.1 i 0.1 

0 

0.1 ± 0.1 

0.4 ± 0.2* 

ITibokl.lP I’pillk'lium 

o/ift 

3/16 

2/18 

i/20 

0/18 

2/16 

4/17 

Si|u;imi*iiN mciupliiMii tif 

t) 

0 

0 

0.1 ± 0.1 

0 

0.1 I 0.1 

0 

vuhi*idit r epithelium 

n/is 

0/16 

0/18 

1/20 

0/18 

1/16 

0/17 

voids. lower mvdr.il region 

l 1> JVIpUlNI.l of 

0.1 :♦ 0.J 

0.3 - 0.2 

0.7 ; 0.2* 

0.9 i 0.2* 

0.3 1 0.1 

0.9 ± 0.2* 

1.0 ± 0.2* 

•*t|iMnuiirs epithelium 

2/18 

3/16 

9/18 

M/20 

4/18 

9/16 

10/17 

Trachea 

fintilt‘1 cell hvpCtpLlsiit tif 

O.l d IU 

0.2 ± 0.2 

0.2 t 0.1 

0 

0.1 ± 0.1 

0.3 ± 0.2 

O.l ? 0.1 

K’Npirjinr> epithelium 

1/17 

2/14 

3/17 

0/18 

1/19 

3/15 

1/20 

Gohlcl cell hyperplasia of 

0.3 - 0.1 

0.2 1 0.1 

0.1 ± 0.1 

0.7 ± 0.2 

0.3 1 0.2 

0.2 ± 0.1 

0.5 ± 0.2 

respirator \ epithelium 

4/20 

3/20 

2/20 

9/20 

2/20 

3/20 

6/20 


AV 'h. 1 hMupui holt i^ical limlmyN are given as mean score ± SH and incidence. 
* IihIicjIC' Ni.itiMic.ilIv significant dtlfcrcncc li* shani-cxposcd control group. 

■ IiiJiv.itcs Nialisiic.iH> M«!inlic.mr tliHivcnce*» hclwecn the two _SS types. 


KASS l’tihi ps were ItiiiiHl to he diluted at relatively constant 
proportions from the high- to the medium (2.2 ± 0 2) and 
from the high- to the low- (4.6 1 0.9) dose levels, respec¬ 
tively The 1 I’M concentrations for RASS decreased by 60 
to 70V compared to F.S.S. The uging-rclalcd decreases found 
for nicotine, formaldehyde, and ammonia were numerically 
similar to that found for 1 I’M. blit may rot necessarily result 
from the same mechanism since, e g,, nicotine was found 
only its the gits phase and was not associated with particulate 
matter. On average, the mass median aerodynamic diameter 
was slightly higher following room-aging (changed from 
(1.36 to 0.-12 pint with no effect on the geometric standard 
deviation (l.S tit 2.0) of the particle si7e distribution. No 
oxidation of nitric oxide occurred during Ihc aging process. 
Acetaldehyde and acrolein were not affected by SS room- 
aging. 

The relative humidity in the sham-exposed group was 54 i 
4% (mean ? SI)); this is considered to be representative for the 
other exposure groups and complies with the exposure condi¬ 
tions specilied hy the OHCD (l9Klb). The temperature within 
the exposure chambers was 2(> 2 1 6 C for all groups and thus 
also met OiXD (lyMbl specifications. 


In-Life Observations 

There was no smoke-associated mortality, nor were there 
effects on general condition and behavior of the rats. 

Body Weight Development 

The body weights of the rats increased during the inhalation 
and postinhalation periods (Fig, 1), The mean body weight of 
the high-dosc FSS exposure group was statistically signifi¬ 
cantly lower than that of the sham-exposed group between 
inhalation days 59 and 73. At the end of the inhalation period, 
a numerical body weight gain reduction of 4% for this expo¬ 
sure group compared to the sham-exposed group was calcu¬ 
lated (no statistically significant difference). No body weight 
effect was seen following RASS inhalation. During the postin- 
halafton period, the body weights of the rats in all groups 
increased to the same level, indicating a reversal of the reduc¬ 
tion in body weight gain associated with the tube restraint 
during the inhalation period. 

Biomonitoring 

No relevant effects on the respiratory minute volume of the 
rats were observed (data not shown). The steady-state blood 
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TPM CONCEi'fTFlATlON 


RCi. .1. ItiviiffwihofuyiciJf ImUmi's in thr larynx. Kftectx are shown based on both dose parameters, i.e.. CO and TPM concentrations, in FSS and RASS. 
(A. til Hyperplasia ul tlie s t |uai mills epithelium ai Hie hiisc nf epiglottis. (A) FJTeetv based on ihe CO concentrations as dose parameter; (B) effects based on the 
TPM coneeniuiinns ns dust’ par.intclcr. Results are given as mean scores T SR. 


tlbC'O ptoporlious (l. 2. i.iul -1Ci above shunt control values 
( 0 . 2 fiCr) )(tt tits' low-, medium-, and high-dose levels, respec¬ 
tively) were in ,isucculent with those expected from the CO 
eoneenlr.it it ms in both SS types. 

The amounts of nicotine, eotinine. and trans-3'-hydroxyco- 
liniite loiind in lltc mine samples rolleclcd during and for 18 h 
alter exposiuo sliowed tin almost linear increase with increas¬ 
ing concentrations of nicotine in FSS and RASS (Fig. 2). The 
nhsoluiL* amounts found in the urine samples did not account 
for ihe toiitl uptake of nicotine, since only nicotine and two of 
ils metabolites were determined. There is no difference in the 
relative proportion til nicotine and the two metabolites bctw'een 
the two SS types. 

IlhCO (Hid nicotine metabolite data in the sham-exposed 
group eonlirnted tionexposuie lo SS. 

Cross f'utlutlogy 

There were no SS-related gross pathological findings. Slight 
yellow- brov.it discoloration of the fur wav observed which 
was roughly dose-dependent; the cause of this discoloration is 
unclear. 


Organ Wciglits 

The absolute weights of the lungs with larynx and trachea, 
kidneys, and liver were statistically significantly lower (max¬ 
imum effect: 1 19b) in the high-dose FSS-exposed group com¬ 
pared to the sham-exposed group. No effects in organ weights 
were seen in the RASS-exposed rats. For organ weights rela¬ 
tive to body weight, no differences between FSS- or RASS- 
exposed and sham-exposed groups were seen At the end of the 
postinhalation period, the organ weights of the FSS exposed 
rats returned to those of the sham-exposed rats. 

Histopathalogy 

At the end of the 90 day inhalation period, only slight 
histopalhological changes in the upper respiratory tract in the 
FSS- and RASS-exposed groups were consistently observed in 
almost all rats (Table 2). 

In the nose at the most anterior level (level I), slight patchy 
reserve cell hyperplasia was observed in rats of the high-dose 
groups only, ihe mean score for this finding being statistically 
significantly higher for FSS compared to RASS. This differ¬ 
ence is related to the relatively high incidence of this finding in 
the high-dose FSS group compared to only one rat in the 
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I IC>. 4. lrjn-*vvrsc wvlitiiw ;ti tin* l.irynv base of epiglottis. IAJ Ovemcn (shunt-exposed ra!); IB. C> sham-exposed rat showing normal squamous 
epithelium at the veiiltoiiK-JtuI site amt p-euiloxl ratified epithelium at ventrolateral sites; <[>. F) high-dose FS$-exposcd rat; IF, G) high-dose RASS-exposed ral, 
I'-'lli slmwine Its|Hf i' .im.i til ills’ squamous epithelium (ventromedial site) and squamous metaplasia ol the pseudosiraiificd epithelium (ventrolateral site). 


high-dose RASS group. iht- severity of this finding being 
similarly low fm boili SS types. Ai ihe second nose level, no 

el;tripes Mere seen. 

'I Its' I a in n\ was found lo be llic most sensitive organ far 
HisUtpatludoyie.il changes following FSS or RASS exposure 
liable 7; he. 7). Al the base of ihe epiglollis, a dosc-dcpen- 
dent diffuse squamous ineiaplasiii of the pseudosiratilied cpi- 
llieliutn and hyperplasia of the squamous epilhclium (Fig. 4) 
were fiunul. The mean scores were statistically significantly 
higher for the FS.S- compared to the RASS-exposed groups 
based on the CO concentration. As was the case for nasal 
epithelial hyperplasia, the incidence was higher in the FSS 
groups compared lo the RASS groups, while ibe severity of 
these lindings showed no remarkable difference. At Ihe ventral 
depression (arytenoid projections), very slight hyperplasia and 
squamous metaplasia were observed in few rats. The statisti¬ 
cally signiltc.ini difference between the high-dose RASS and 
the sham-exposed group concerning the hyperplasia at this site 
is considered to be incidental since a very similar mean score 
and incidence were obtained for ihe low-dose FSS group with 
no indieaiioi) for dose dependency. There was no difference 
between (he two SS types at the ventral depression. At the 
lower medial region of the vocal cords, a dose-dependent 
increase in hyperplasia of ihe squamous epithelium w-as ob¬ 
served. This finding was also seen in two rats of ihe sham- 
exposed conltol and is considered to be incidental. No differ¬ 
ence between the two SS types was seen for this effect when 
compared on the basis of CO concentration. This is the only 
morphologic effect for which, on the basis of the TPM con- 


ccntraiion, RASS was slightly more active than FSS. There 
was no finding in the alveolar region of Ihe lungs. 

At Ihe tracheal bifurcation, minimal goblet cell hyperplasia 
was seen in few' rats of all exposure groups with no indication 
for a SS-related effect (Table 2). Slight goblet cell hyperplasia 
W'as also seen in ihe bronchial respiratory epithelium with a 
slightly higher incidence in both high-dose groups (no statis¬ 
tical significance). No difference between Ihe two SS types was 
observed. 

Morphometric determination of the laryngeal epithelial 
thickness at the arytenoid projections showed numerical in¬ 
creases at all sites measured in the SS-exposcd groups com¬ 
pared to that of the sham-exposed group In a roughly dose- 
dependent manner (Tabic 3), although the increases were 
statistically significant in only a few cases. The only statisti¬ 
cally significant difference between the two SS types was seen 
at the vocal cords, where RASS was more active than FSS 
when compared on the basis of the CO concentration. 

At the end of the 42-day postinhalation period, no relevant 
SS-related histopathological changes were observed. The epi¬ 
thelial changes observed at the end of the inhalation period 
reverted completely. 

Hin)!' Metabolism 

In the NRE, the formation of the bay region metabolites, i.e., 
9-OH-. 7,8-diol-, and 9,I0-diol-B(n)P, was induced in all SS- 
exposed groups, the highest factor Df induction being seen for 
9,IO-diol-B(n)P (Table 4). The induction was roughly dose- 
dependent and statistically significant. 
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FIG. 4 —Continued 


In the NOI:, the baseline values or the sham-exposed group 
determined after 90 days were 115) ± 79. 44 ± 4. 773 i 38. 
77 u 5. and 47 d 3 nmol/(g protein X h) for 3-OH-. 9-OH-. 
4.5-diol-. 7.8-diol-. and 9,IO-diol-li(o )P, respectively, and thus 
about two fold higher than in NKK No relevant SS-related 
effeels were seen in this tissue. 

In the lungs, the formation of all metabolites except 4.5- 
diot-lllolP was dose dcpendently induced, the highest factor of 
induction being seen for 9.J0-diol-B(r?)P (Table 5). The induc¬ 
tion was up to n factor of 8 higher than in the NRE. For all 
induced metabolites, the induction was higher in the FSS- than 


in the RASS-exposed groups on the basis of the CO concen¬ 
tration. The induction was similar for both SS types when 
compared on the basis of the TPM concentration. 

At the end of the postinhalation period, no differences be¬ 
tween sham and SS-exposed groups were found. 

DISCUSSION 

The SS concentrations used in the present study ranged from 
6 to 29 ppm CO and from 0.6 to 8.7 gig TPM/liter. These TPM 
concentrations were up to two orders of magnitude higher than 


PM3006448265 


Source: https://www.industrydocuments.ucsf.edu/docs/mljj0001 


ROOM-AGRD SIDESTREAM SMOKE INHALATION 


109 


rite maximum of average concentrations of RSP reported for 
I TS. particularly in re9deuces and offices (Oldaker et al., 
1990: Guerin ct /if.. 1992; U.S. Environmental Protection 
Agency. 1992; Jenkins rt a!.. 1990). Hie lowest concentrations 
ow'd here may overlap witli those encountered in extreme 
human exposure situations. The concentration range between 
0 1 and 10 (if IPM/lilei has been used widely by the scientific 
community for subdirimle ot chronic toxicological testing of 
experimental UTS surrogate's in rodents (e.g., von Meyerinck et 
til.. 1989: Coggins ct ul.. 1993a; Joad ct al. 1992; Teredesai 
and I’riihs. 1994: Witschi ct at.. 1993b). and enables the de¬ 
termination oi lowest-observed effect levels. In only a few- 
eases was this concentration range exceeded, for example in 
the chronic study reported by Witschi ct al (1997), in which 
this eoiuvntiiilion range was exceeded by one order of mag¬ 
nitude, However, this concentration was highly toxic, as evi¬ 
denced by die body weight loss in the exposed mice. The 
concentration range between 0. t and 10 /eg TPM/1 was used to 
mwsiigjte a variety of respiratory trad end points, such as 
morphological (von Meyerinck a ul.. 1989) or biochemical (Ji 
cl til■■ 1994) changes, genotoxicity (Lee ct til., 1992), or in¬ 
creased 1 >NA synthesis (Rajini and Witschi. 1994). Therefore, 
this concentration range was deemed useful for a comparative 
inhalation study on the effects of room aping in the rat respi¬ 
ratory tract. 

No information on the effects of SS nit the nasal xenobiotics 
metabolism has been reported to date. Therefore, to assess the 
effect of SS inhalation on the xenobiotics metabolism in the 
respiratory tract, ibe formation of Jl(«)P metabolites in the 
nasal olfactory and respiratory epithclin and limps was also 
investigated in the present study. 

SS was room-aged nuclei steady-stale dynamic conditions. 
The toiim-aging-telaied changes in the chemical composition 
ot the SS confirmed previous experience about Ibe instability 
of SS due to the physicochemical and chemical nature of its 
components te.g.. icvicws hy Uakri and Proctor. 1990. and 
hull ulglt cl til. 1990l. Details on the contribution of various 
materials to the oveiall aging effect seen in this study are given 
h\ Voneken ct til 1 199-1). 

The dccmi'C in TPM concentrations can he attributed pri¬ 
marily to particle deposition on all surfaces in the aging room 
as indicated, e.g . by the yellowish staining of the wallpaper. 
During the aging process, the mass median aerodynamic di¬ 
ameter ol the aerosol slightly increased, the geometric standard 
deviation remaining unchanged. This small shift is not ex¬ 
pected to influence the particle deposition probability in the 
respiratory tract of the rats (Raabc ct til. 1997). Reports about 
aging-ielatcd changes in SS particle si/c distribution have been 
inconsistent describing both initial size decrease (Ingebrclhscn 
ami Sears. 1986) and increase (Benner ct al.. 1989) upon aging 
in relatively inert chandlers. In contrast to MS, nicotine in SS 
is a gas-phase component (reviewed by Latough el al., 1990). 
It leudily adsorbs to surfaces and leevuporutcx upon cleansing 
the ambient atmosphere (I’iade ct al, 1996). Formaldehyde and 


ammonia are chemically reactive compounds. They reacted 
differently with various surface materials in a room (Voneken 
ct al., 1994). The gas-phase components acetaldehyde and 
acrolein were less reactive than formaldehyde and did not 
change in spite of their aldehyde functional groups. Due to the 
low concentration of nitrogen oxides, NO remained stable 
under the conditions of this study with no oxidation to NO. 
being detectable. Also. CO was not affected by aging, and thus 
proved to be useful as a marker in experimental studies on SS 
and the leading dosing parameter in the present study. In field 
studies, however, CO is not useful as a marker for ETS since 
the majority of the indoor CO stems from sources other than 
F.TS (Fjitough et al, 1990). 

The chemical and physical characteristics of RASS re¬ 
mained constant over the 90-day period of inhalation, resulting 
in stable and reproducible test atmospheres throughout the 
study. Thus, no saturation of reactive surfaces or shifting 
equilibria with built-up deposits were observed. 

The lack of a detectable body weight effect by SS exposure 
in the present study is in agreement with the results seen in 
previous studies at similar SS concentrations (von Meyerinck 
et al, 1989; Coggins el al, 1993a: Teredesai and Priihs, 1994). 

The histopathological findings seen in previous SS inhala¬ 
tion studies of similar design were also seen in the present 
study. Slight hyperplasia of the respiratory epithelium was 
observed in the anterior part of the nose with no findings at the 
next posterior level, which includes the olfactory epithelium. 
This is consistent in type, location, severity, and sensitivity 
with the findings described by von Meyerinck et al. (1989), 
Coggins et al. (1993a), and Teredesai and Priihs (1994). The 
metaplasia described by von Meyerinck et al. (1989) was seen 
neither by Coggins el at. (1993a) and Teredesai and Priihs 
(1994) nor in the present study. As in the previous studies, no 
statistically significant histopathological findings were seen in 
the lower respiratory' tract, although there was an indication in 
the present study of an increased incidence of bronchial goblet 
cells in both high-dose groups. 

The most sensitive site for histopathological changes in the 
present study was the larynx, showing slight hyperplasia and 
metaplasia of a number of epithelia at different locations within 
the larynx, in particular the base of epiglottis. Similar changes 
were seen in a previous subchronic SS inhalation study per¬ 
formed in the same laboratory (Teredesai and Priihs, 1994). 
However, no morphological changes in laryngeal epithelia 
were observed in the studies by von Meyerinck et al (1989) 
and Coggins et al. (1993a). The few differences in the exper¬ 
imental designs among these studies arc not considered to 
account for this discrepancy in larynx findings. Rather, differ¬ 
ences in sectioning levels might affect the optimal detection of 
these changes. The laryngeal hyperplasia at the arytenoid pro¬ 
jections was confirmed by morphometric analyses of the epi¬ 
thelium at this site, the increase in the epithelial thickness 
being up to approximately 30% in the present and previous 
(Teredesai and Priihs, 1994) studies. Squamous metaplasia at 
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tabu- i 

l-aryngcal Epithelial Thickness at Three Sites of the Arytenoid Projections after 90 Days of Inhalation 


rss rass 


Oii.Mii/siU' 

Sham 

I ,ow 

Medium 

High 

Low 

Medium 

High 

f dir) ns 


• 






Aryk'fiuiJ projections 








Venn depict sir in 

TV ? OT 

83 U 03 

K.7 ± D..1 

10.0 ± 1.0 

8.4 ± 0.2 

8.9 i 0.4 

8.5 ± 0.2 



6# 

loq 

27% • 

7# 

LVa 

8# 

llwi til the lilts nx 

10.5 - 0.4 

U.2 1 0-4 

HA 1 ft.4 

12A ±0.4 

10,7 2. 0.4 

12.1 i L0 

12.0 ± 0.9 



7 </, 

7<* 

I6SF* 

2% 

15# 

14# 

Vocal ctHijs • 

122 - IT 

22.6 - 1.2 

24.S ’ 1.4 

26.1 ± 1.3 

24.2 ± 1.1 

27.5 2 13 

27.5 ± \.\ 



2% 

I0<T 

\i% 

y# 

24#* 

24#* 


Knir. I'ptlWlKil thtiknes-, Ijint) igi\ej» a-- mean ± SFi and pvruentugc increase relative to the sham-exposed control group. 
" IitilicittL’s NUtiisiKiilly significant difTorciuv lo sltam-exposed control group, 
t Indicate'* statistically Mpnifreant diflcrencvs between the two SS types. 


the hitse oT I fie cpi^loliis wtis similarly observed following 
Mibchronic glycerol inhalation (Kenne cr al.. 1992) and has 
been discussed as a commonly observed adaptive response to 
repealed inhalation of aerosols (Gopiitath cl al., 1987; Burger 
cl al.. 19891. 

The lowest-observed effect level lor histopathological 
changes was 12 ppm C'O. equivalent to 3.6 and 1.2 pg TPM/ 
liter for FSS and RASS. respectively. The no-observed-effect 
levels were 6 ppm CO. equivalent to 1.5 and 0.6 ftp TPM/liter 
for I SS and PASS, respectively. 

As discussed before, the relevant basis of comparison be¬ 
tween the l wo SS types is the number of cigarettes smoked per 
unit of siir volume, a dose parameter which is represented in the 
present study by (he CO concentration in the lest atmospheres. 
On ibis basis of comparison, the biological activity of RASS is 
approximately two- to three-fold lower than that of FSS for the 
hisioputhological findings in the .interior nose and in the larynx 
al the base of the epiglottis. I SS anil RASS are equally aciive 
for changes in the larynx al the arytenoid projections when 
compared on a CO concentration basis. Previous SS inhalation 
studies with experimental animals have usually been based on 
the I PM concentration as these parameter. PSS and KASS were 
equally active based on TPM concentrations with one excep¬ 
tion. i.e.. hislopalhological findings at the arytenoid projections 
which were more pronounced for RASS than for FSS. 

Hie described differences in the biological activity of FSS 
and kASS may also give some clues as to the mechanism and 
the SS components which may he involved in inducing such 
effects: Mom of the hisiopatliologieal changes observed seem 
to correlate wit It the TI’M concentration. In the larynx, at the 
base of the epiglottis, lids tuny be interpreted as a consequence 
of panicle impaction on the sites where the inhaled air stream 
bends. Hxccpi for the base of the epiglottis, this correlation 
with the TPM concentration was not expected. For example, 
among the gas-phase components of SS analyzed, the alde¬ 
hydes were described to induce epithelial changes in the nose. 


in particular acrolein as the most active of the three aldehydes 
analyzed at their respective dose levels (Feron el a!., 1978; 
Appelman et al., 1986; Woutersen el al.. 1987). Apparently, 
the concentration of the gas-phase aldehydes was not high 
enough to substantially impact the SS-relaled morphological 
effects at this site. There is only one site where hislopatholog- 
ical findings were not seen to depend on the particle concen¬ 
tration, i.e., at the arytenoid projections, namely the vocal 
cords. No explanation for this is available to date. The data 
may suggest a dependence on the SS gas phase, but a qualita 
live change of the particulate matter by room-aging cannot be 
excluded either. In order to clarify the role of particulate and 
gas phase, a subchronic study comparing the separate phases 
would be useful. 

During the postinhalation period, all bistopathological 
changes reverted to the sham control level, confirming their 
adaptive nature (cf. Burger cl al., 1989). 

The B(u)P metabolism was investigated in the present 
study by determining the amounts of five individual metab¬ 
olites formed. This is different from the method employed in 
previous SS-related studies in which the “ary! hydrocarbon 
hydroxylase” activity was determined by analyzing the total 
amounts of B(o)P metabolites formed. The pulmonary aryl 
hydrocarbon hydroxylase in rats was induced following 
subchronic inhalation (Gairola. 1987) or intraperitonea] ad¬ 
ministration of SS condensate or condensate fractions (Pas 
quini et al, 1987). No direct measurement of the SS con¬ 
centration used was made by Gairola (1987), but based on 
the HbCO proportions reported, it can be assumed that it 
was approximately fivefold higher than those in the high- 
dose groups of the present study. To date, no studies have 
been reported that investigate dose responses for the B(a)P 
metabolism al SS concentrations lhal are closer to the real¬ 
istic human environment. In addition, the effect of room¬ 
aging has not been investigated previously. 

In the present study, the formation of four of the five B(o)P 
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Mk'labnliies analyzed was dosc-dcpcndently induced in (he 
Jliiii-'s.. wiiii different maximum induction factor?.. Only the 
formation of 4.5 -diul-U(«)P. the most abundant metabolite, 
wax not inducildc by SS inhalation This difference is most 
HKitmbly attrilnttablc to the involvement of different cyto¬ 
chrome P-150 isoenzymes in the formtttion of the five metah- 
ulites analyzed. I or example, subehronic inhalation of SS in 
tilts at a cnnecnliiiiion of 1 /z;: Tl'M/litcr resulted in an in¬ 
creased expression of the cytochrome P450 isoenzyme 1A1 in 
noncilintcd bionchiolar epithelial (Clara) ;is well as alveolar 
type II cells (Ji el nl.. 1994). which was accompanied by an 


induction of 1A l-associaled pulmonary metabolic activities 
(Gebreniichael el a!., 1995). However, the cytochrome P450 
2B1-associated activity was not inducible in this study. Simi¬ 
larly, chronic inhalation of SS in A/J mice at a concentration of 
4 jig TPM/liter resulted in an induction of cytochrome P450 
l AI in pulmonary endothelial cells with no effect on isoen¬ 
zymes 2BJ,- 2E1, and 2F2 (Pinkerton et al„ 1996). Thus, 
immunohisiochemicat and metabolic data fit together since 
cyiochrome P450 1AI is considered to play a major role in the 
metabolic activation of B(n)P (Dogra et at., 1990; Voigt el a!.. 
1993). 


! 
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FIG. 4 —Continued 


The induction factors reported by Gairola (1987) and Pas- 
qiiini et til (1987) were similar irrespective of the route of 
administration, i.c., SS inhalation or intraperitonea! SS con¬ 
densate injection, respectively. In addition, no adaptive or 
progressive changes were seen for the induction of the pulmo¬ 
nary cytochrome 1’450-depcndcnt metabolic activities with 
prolonged SS inhalation (Gebremichael et ai. 1995; Pinkerton 
cl ai. 1996). Thus, the induction of the pulmonary B(«)P 
metabolism is considered a stable biomarker for the pulmonary 
concentration of inducers following both short-term and pro¬ 


longed SS exposure at relatively low experimental SS concen¬ 
trations. 

For the nasal epithclia, the results of the present study show 
a higher baseline activity for B(e)P metabolism in the NOE 
than in the NRE, This is in agreement with the site-specific 
distribution of the B(a)P metabolism described by Bond and 
Dahl (1989). Following FSS or RASS inhalation, there was a 
distinct but slight induction of the B(o)P metabolism in the 
NRE, while no effect was seen in the NOE. Since this distri¬ 
bution of SS-related changes parallels those observed his- 
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TABLE 4 

B(a)P Metabolism in the Nasal Respiratory Epithelium 


FSS RASS 


Metabolite 

Sham 

Low 

Medium 

High 

Low 

Medium 

High 


16 - 1 

24-2 

24 ; 1 

35 i 2 

22 i 1 

22 * 1 

23 * 2 



1,3* 

IS* 

2.1* 

1.4* 

1.3* 

1.4* 

7.K-Dit»l-H(fl)IM 

37 r 2 

54 ?• 4 

60 I 3 

91 i. 6 

50i 3 

48; 2 

53 S 5 



1,5* 

1.6* 

2.5* 

1.3* 

1.3* 

1.4* 

9.l(J*lJmMt(« il’i 

T1 H 1 

SS ± 2 

51; 3 

79 ± 6 

33i 2 

34 ± 2 

40 1 5 



1.7* 

2.3* 

3.5* 

1.5* 

1.5* 

18* 


602 2 37 

726 ; 60 

571 ± 31 

650 i 22 

686 ; 35 

643 ; 34 

613 ; 35 



1.2 

1.0 

t.l 

1.1 

1-1 

1.0 

■J.fi-DioI-MtfOl* 

343 - 24 

39S i 36 

313 t 19 

350 ’ 21 

3R0 Z 29 

339 * 27 

328 ± 19 



1.2 

0.9 

10 

1.1 

10* 

1.0 


Aon. Mcitihuliv aclivilw". immil/tj protein X h)) arc given as mean r SE and factor of induction relative to the sham exposed control group. 
* linin'. ul-s Matisticiill) sigiiilictint difference in sham-exposed control group. 

1 Indicates statistical!x significant diftercnecs between the two SS types. 


loputhologictilly. ii might fie spcculaicd (hat the changes in 
Birr)!’ metabolism reflect the changed distribution of cell types 
following SS inhalation, or that there is cell-specific induction. 
Model cytochrome (’-13(1 inducers, such as phenoharbilal, 
3-mcihvicholamhrcnc, and B(ri)!’ itself, which most probably 
do not tilled the morphology of the nasal epithclia. failed to 
induce the nasal B(«)P metabolism (Bond, 1986; Voigt ef al., 
1993). Only the administration of the most potent inducers, 
2.3.7.8-ietiiielit<>rodibcnz(>-/r-dioxiti (Bond, 1986) and Aroclor 
!2>1 (Voigt a itl., 1993). resulted in an induction of the B(a)P 
metabolism in the nasal epilhclia. The AroclOr 1254-mCdiated 
induction of the liter H’ metabolism was more pronounced in the 
NKE than in the NOE and did not coincide with the distribution 
of the cyutchiontc IM50 1AI induction, suggesting the involve¬ 
ment of multiple enzymes in the nasal metabolism of B(a)P. 


Based on the CO concentrations, the induction of the B(o}P 
metabolism was more pronounced following inhalation of FSS 
compared to KASS. Based on the TPM concentrations, there 
was no difference in response. This could be expected since the 
components of cigarette smoke that induce the B(a)P metabo¬ 
lism, e.g.fpolycyclic aromatic hydrocarbons, are found mainly 
in the particulate matter fraction of the smoke (Pasquini e! al, 
1987), and there seems to be no qualitative change in the SS 
particulate material by room-aging with regard to cytochrome 
P450 induction. Filtered SS did not induce cytochrome P45G 
1A1-associated metabolic activilics in rat lungs (Gebremichael 
et al. 1995). 

The dose-dependent induction of the respiratory tract B(«)P 
metabolism may be useful as a biomarker of exposure to 
inducing agents, particularly at relatively low doses, although 


TABI.E 5 

B(o)P Metabolism in the Lungs 






FSS 



RASS 


Metabolite 

Sham 

1 AtW 

Medium 

High 

Low 

Medium 

High 


1? * 

4 

M3 2 30 

177 £ 14 

235 £ 22 

55 £ 8 

71 £ 13 

vn 

Tl 

wn 




10.6* 

132* 

17.5* 

4.1* 

5.3* 

10,I* 


T> ? 

A 

25 K ? 55 

339 2 2 \ 

476 £ 46 

107 — 14 

144 £ 24 

316 ± 26 




11.6* 

15.2* 

21.4* 

4.8* 

6.5* 

14.2* 

‘LUhniaWJtrdF’l 

15 - 

A 

n 

~T 

r 1 

246 ± 18 

362 1 39 

75 £ 11 

105 £ 21 

256 ± 25 




11.9* 

16.3* 

24.0* 

4.9* 

7.0* 

16.9* 


109 * 

13 

379 2 57 

436 r 28 

5761 53 

214 ± 18 

237 £ 39 

442 £ 40 




3.5* 

4.0* 

5.3* V 

2.0* 

2.2* 

4.1* 

4, 

1 126 £ 

311 

80K £ 126 

1089 £ 134 

1417 £ 193 

1100 £ 257 

935 £ 283 

1381 £ 243 




0.7 

10 

1.3 

1.0 

0.8 

1.2 


A ’ole. Mclalx i!k activities (nniol/tg protein >’■ fit) afe given ax mean ; SE and factor ef induction relative to the sham-exposed control group. 
* InJuiiU*'. staiiviicjll) significant difference In sham-exposed control group 
■j hulicaies stuiivtieijIJ} significant differences between the two SS types. 
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indcpcntlcni from [he route of exposure. Conclusions as to its 
toxicological relevance are limited hy [lie experimental model 
used and the complexity of ihc unification pathway leading to 
the ultimate animal carcinogen. For example, the microsomal 
fraction used in this study to assess [lie H(n)P metabolism docs 
not account for most phase II detoxification pathways which 
might he induced in parallel to cytochrome P4S0. A better 
approach to assess the relevance of the described induction 
would be obtained by determining DNA adducts in target 
organs, although their specitic determination would require 
higher }!(<-/)[' doses than those taken up hy the rats in this study. 

The lowest T PM concentration effective in inducing the 
pulmonary lt(r/>P metabolism, i.c., 0.6 ptg/liier, is consistent 
with thr lowest reported concentration effective in inducing the 
cytochrome 1*450 IAI, i.c., 1 ;tg TPM/liter (Ji n al. 1994; 
(Icbremichael ei at.. 1995) 

No differences between sham- and SS-cxposeri groups were 
seen at the end of the poslirihahitiori period. The lack of a 
persistent induction alia cessation of SS exposure strongly 
suggests an effective clearance of the lungs from materials 
inducing the Il(rt)}’ metabolism. 

hi the ptesem study, the amount and/or surface area of 
materials' present in the SS-aging room were exaggerated com¬ 
pared to those typically found in residences or office environ¬ 
ments in order to investigate in principle the effects associated 
with room-aging. Correspondingly, the mean age of ETS in 
human indoor environments other than residences, e.g., offices 
or public buildings, is probably shorter than the mean age used 
to generate KASS in the present study (Seppiinen, 1995). 
However, the results of this study show that room-aging in 
general reduces the biological activity ol 1'SS. This may impact 
the risk evaluation based on experimental studies using more or 
less fresh SS. Jit this context. PASS is considered a more 
realistic experimental surrogate for ETS than FSS. 
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